RESULTS
PTACs were determined in 82 of 1027 patients (8%), in 8.8% of females and 7.3% of males. The presence of PTACs was determined to be independent of gender (P = 0.361). Eightyone PTACs (98.8%) were located in the right side of the trachea and 56.1% had a tracheal connection. The presence of PTACs significantly correlated with the presence and severity of bronchiectasis (P = 0.001 and P = 0.005 respectively). There was no significant relationship between the presence of PTACs and the presence of emphysema on CT images (P = 0.125).
CONCLUSION
The prevalence of PTACs was determined as 8% in this study. There was significant association between PTACs and bronchiectasis.
P
aratracheal air cysts (PTACs) are small collections of air adjacent to the trachea at the level of the thoracic inlet (1) . Pathological diagnosis of PTACs in surgically confirmed cases includes tracheal diverticulum, lymphoepithelial cyst, and bronchogenic cyst (1) (2) (3) . These cysts are covered with ciliary columnar epithelium and connected with the trachea (4) . The majority of PTACs are reported as tracheal diverticula in the literature, due to their connection with the trachea (2) . The thoracic inlet between the cartilage and muscle layers in right posterolateral wall of the trachea is the most common location for PTACs. A relationship may be seen between an isolated PTAC and the trachea l lumen (5) . These lesions may cause recurrent infections by acting as a reservoir for secretions.
Occasionally, PTACs can be confused with other causes of extraluminal air collections as laryngocele, pharyngocele, Zenker's diverticulum, apical hernia of the lung, mediastinal air, apical paraseptal blebs, or bullae. To distinguish PTACs from other pathologies, its typical location in the right posterior paratracheal region at the thoracic inlet can be helpful: PTACs locate away from the lung pleura, communicate with the trachea and have rounded margins that can be differentiated from emphysematous changes (6) .
PTACs are usually discovered incidentally on thorax computed tomography (CT). They may be associated with a chronic cough or chronic obstructive pulmonary diseases (COPD). The reported prevalence of PTACs ranges from 0.75% to 8.1% (4, (6) (7) (8) . There have been a limited number of studies reporting the incidence of PTACs related to COPD or emphysema as detected by CT, and the reported results are variable (4, 6, (8) (9) (10) (11) . The relationship between PTACs and pulmonary emphysema or bronchiectasis is still unclear. To our knowledge, no published study has evaluated the relationship between PTACs and bronchiectasis, using a bronchiectasis severity index and objective measures to determine the extent of bronchiectasis on CT images.
The purpose of our study was to evaluate the prevalence and characteristics of PTACs, as well as their relationship with bronchiectasis and emphysema, on thorax CT scans.
Methods

Patients and study design
Between January 2012 and July 2013, the presence of PTACs was retrospectively evaluated in 1100 consecutive patients who underwent routine thorax multidetector CT for a variety of reasons. Patients with mediastinal injuries (n=73) were excluded from the study leaving a total of 1027 for evaluation (563 males and 464 females; median age, 47 years; range, 1-97 years). The local ethics committee approved this retrospective study and the requirement for informed patient consent was waived.
Imaging method
The thorax CT examinations were acquired using a multidetector row CT (Somatom Emotion 16-slice, Siemens Healthcare, Erlangen, Germany) following a standard protocol. Full inspiratory scans were obtained with or without administration of intravenous contrast medium. Slices were taken from the thoracic inlet as far as the level of lowest hemidiaphragm in supine position. The scanning parameters were 110 kV, effective tube current 55 mA, collimation 16×0.6 mm, pitch 1.5, section thickness 1 mm, reconstruction interval 0.8 mm, and tube rotation period 0.6 s. The images obtained were transferred to a picture archiving and communication system workstation. The axial images and multiplanar reconstruction reformatted images were evaluated together. All images were processed with standard mediastinal (width, 400 HU; level, 40 HU) and lung (width 1200 HU; level, −600 HU) window settings. Image analysis was performed by the same radiologist (N.B.) in all cases.
Four features of PTACs were evaluated: 1) localization with respect to the trachea (right, left, or posterior side); 2) shape (round, cylindrical, irregular); 3) size (anteroposterior, transverse, and vertical diameters of the cyst); 4) presence of visible communication with the trachea (Fig. 1 ). Anteroposterior and transverse diameters of the cyst were measured on the axial CT slices, while vertical diameter was obtained using the coronal reformatted images. The shape of the cyst was evaluated on the coronal reformatted CT images. The presence of emphysema or bronchiectasis was recorded in cases with PTACs ( Fig. 2) .
Diagnosis of bronchiectasis was based on the demonstration of bronchial dilatation relative to the adjacent pulmonary artery, lack of bronchial tapering, and visualization of bronchi in the lung periphery on CT (12) .
The Reiff scoring system was used as the bronchiectasis severity index (13) . We scored each lobe for: the extent of involvement (0=none, 1=one or partial bronchopulmonary segments involved, 2=two or more bronchopulmonary segments involved); the severity of bronchial dilatation (0=normal, 1=less than twice the diameter of the adjacent pulmonary artery, 2=two or three times the diameter of the adjacent pulmonary artery, 3=more than three times the diameter of the adjacent pulmonary artery); and the severity of bronchial wall thickening (0=normal, 1=half the diameter of the adjacent pulmonary artery, 2=more than half or same as the diameter of adjacent pulmonary artery, 3=more than the diameter of adjacent pulmonary artery) yielding a maximum total score of 48. Scores were obtained for each lobe (lingula considered a separate lobe), and a total value was calculated.
We randomly selected an age-and gender-matched control group of 80 patients from the 945 patients who had no PTACs, using automated computer software. We compared the presence of PTACs with the presence of emphysema and bronchiectasis. We also investigated the relationship between the presence and size of PTACs and the severity of bronchiectasis.
Statistical analysis
The data were processed by using SPSS version 15.0 (SPSS Inc., Chicago, Illinois, USA). Chi-square test was used to compare categorical variables, while Mann-Whitney U test was used to compare independent samples. Spearman All demographic and quantitative data were expressed as median (range). ROC analysis was used to estimate the bronchiectasis score cutoff value for detecting PTACs. Statistical significance was accepted as P < 0.05.
Results
Of 1027 patients, PTACs were determined in 82 (8%): in 41 of 563 males (7.3%) and 41 of 464 females (8.8%). The presence of PTACs was independent of gender (P = 0.361). The median age of patients with PTACs was 47 years (range, 1-97 years). There was a negative correlation between the presence of PTACs and age (P = 0.034, r=−0.066). The prevalence of PTACs according to the decades of life is shown in Table 1 .
A single PTAC was observed in each patient and they were all in the thoracic inlet. Except for a single cyst located on the left side of the trachea, all remaining PTACs (n=81, 98.8%) were identified on the right side. The median anteroposterior diameter of the PTACs was 5.2 mm (range, 2-20 mm) and the median transverse diameter was 6.6 mm (range, 2-24 mm). Median vertical length was measured as 11 mm (range, 2-28 mm). A tracheal connection was determined in 46 PTACs (56.1%). Of these cases, 24 (52.2%) were female and 22 (47.8%) were male. No significant relationship was determined between tracheal connection and gender (P = 0.656). The cysts were round in 32 cases (39%), irregular in 24 (29.3%), and cylindrical in 26 (31.7%).
Bronchiectasis was determined in 28 patients with PTACs (34.1%) and emphysema in 14 patients (17.1%). The total number of patients with PTACs with coexisting emphysema and/ or bronchiectasis was 42 (51.2%). In contrast, emphysema and/or bronchiectasis was present in 19 patients in the control group (23.8%). There was a statistically significant relationship between PTACs and COPD (emphysema and/or bronchiectasis) (P < 0.001). Coexistence of emphysema and bronchiectasis was observed radiologically in two patients with PTACs (2.4%) and in one patient of the control group (1.3%).
The bronchiectasis scores of patients with PTACs ranged from 6 to 44 with a median score of 20.5. In the control group bronchiectasis scores ranged from 3 to 38 (median score, 6). A significant difference was found between the bronchiectasis scores of patients with and without PTACs (P = 0.005). There was a significant relationship between the presence of PTACs and the presence of bronchiectasis on CT images (P = 0.001). There was a positive correlation between the presence of PTACs and bronchiectasis scores (P = 0.001, r=0.518). Using a bronchiectasis score cutoff value of 12.5 led to 85.7% sensitivity and 80% specificity for detection of PTACs (Fig. 3) . The area under the ROC curve for diagnosing PTACs was 0.839 (95% confidence interval, 0.628-1.000; P = 0.002).
The size of PTACs was not correlated with the severity of bronchiectasis (for anteroposterior dimension, P = 0.419, r=0.159; for transverse dimension, P = 0.279, r=0.212; for vertical dimension, P = 0.292, r=0.206). No significant relationship was determined between the presence of PTACs and the presence of emphysema on the CT images (P = 0.224) ( Table 2) .
Discussion
In this retrospective study PTACs were identified in 82 of 1027 patients (8%). This prevalence was close to the rate of 8.1% reported by Bae et al. (8) , but significantly higher than those reported in other studies (0.75%-3.7%) (4, 6, 7, 14) . The higher prevalence of PTACs in our study may be due to the high spatial resolution of multidetector CT and use of thin slices or due to ethnic differences.
In our study, PTACs were seen more often in the 2nd, 3rd, 6th, and 10th decades of life at rates of 12.3%, 10.1%, 9.3%, and 10% respectively, suggesting that PTACs are not rare findings in routine CT examinations. In their series, Bae et al. (8) found the highest incidence of PTACs in the 6th decade. Older age groups appear to have the acquired form of PTACs. In our study, only one patient in the first decade of life was found to have a PTAC. Although, previous studies reported an association between PTACs and gender (6, 9, 10), we found no such relationship. In our study, PTACs were identified on the right side of the trachea in 81 of 82 cases (98.8%). Previous studies have also reported PTACs more often on the right side (4, 6, 8, 10, 11) . This preference for the right posterolateral side of the trachea is likely to be related to the weakness of the right side compared with the left side, which is supported by the esophagus at the conjunction area of the tracheal cartilaginous ring with the muscular section (2).
In our study, the median size of the PTACs was 5.17×6.60×10.95 mm. This finding is in accordance with PTAC dimensions of 7.5×4.2×11.5 mm reported by Kim et al. (11) . In other studies, only the largest diameter of the cyst was measured on axial images, with or without a measurement of the vertical length (4, 6, 8, 9 ). Goo et al. (4) reported mean axial diameter as 10 mm and mean vertical length as 14 mm; these measurements were considerably larger than our measurements. In our study, most PTACs were round (39%), whereas in studies by Bae et al. (8) and Kim et al. (11) elongated cysts were more frequent (47.8% and 41.6%, respectively). In addition, Bae et al. (4) reported fewer irregular-shaped cysts than our study (7.2% vs. 29.3%). In our study, a connection with the trachea was established in 46 cysts (56.1%), which is a much higher rate than those reported by several previous studies (4, 8, 10, 15) . However, a study by Cheng et al. (9) did report a rate of 55% for connection between the cyst and the trachea, as in our study. This high result may be due to the effect of thin slices and high spatial resolution of the multidetector CT on the determination of small cysts. Furthermore, the presence of tracheal connection was evaluated from both axial and coronal slices in our study. In other studies, presence of tracheal connection was evaluated primarily from axial slices; coronal and sagittal planes were visualized only as needed (6, 8, 11, 16) .
In our study the bronchiectasis rate among PTACs cases was 34.1%, a much higher rate than those reported in other studies. We found a relationship between the presence of PTACs and the presence and severity of bronchiectasis. Inadequacy in the support and elasticity of the bronchial wall develops as a result of bronchiectasis (17) . Difficulties in expiration or chronic cough lead to an obstruction which Data are given as n (%) unless otherwise noted. PTACs, paratracheal air cysts; COPD, chronic obstructive pulmonary disease.
increases the internal pressure in the bronchi and weakens the bronchial wall (17) . Similarly, PTACs are seen together with tracheal muscle weakness and conditions such as COPD and chronic cough which increase tracheal internal pressure (18, 19) . In a study by Kim et al. (11) , bronchiectasis was determined in 2.6% and emphysema in 14.6% of cases with PTACs. In that study, PTACs were not associated with respiratory symptoms or obstructive lung disease, clinically or radiologically. The emphysema and bronchiectasis rates were quite low compared to our study, probably due to inclusion of people who underwent low-dose screening chest CT in their study. The low rate of emphysema (18.7%) in our study is close to the rate of emphysema (17.4%) reported by Bae et al. (8) . The relationship between PTACs and emphysema is controversial in the literature. Goo et al. (4) suggested that PTAC may be a sign of COPD. However, in other studies no relationship was found between PTACs and emphysema (6, 8, 9, 11) . Similarly, we did not find an association between PTACs and radiological emphysema in our study. These variable outcomes are probably related to the selection of the study group. Goo et al. (4) included individuals with pulmonary diseases, whereas Buterbaugh et al. (6) included patients with traumatic injury and those with an initial diagnosis of neck lesions, and we included patients who underwent CT for a variety of reasons.
Our study has some limitations. First, due to the retrospective nature of our study, the diagnosis of emphysema and bronchiectasis was made based on multidetector CT findings only, and were not corroborated by respiratory function tests. Second, a pathological correlation of PTACs could not be made. However, there is generally no requirement for pathological test results as PTACs are incidental. Third, as the study group included patients who underwent thorax CT for a variety of symptoms, the relevance of our results to the general population may be argued. However, it would not be ethical to expose healthy individuals to radiation for no apparent medical reason.
In conclusion, we determined the prevalence of PTACs as 8%, with no gender differences. Bronchiectasis was determined at a greater rate than emphysema in patients with PTACs. We observed a significant association between PTACs and the presence and severity of bronchiectasis. The presence of PTACs might suggest the existence of emphysema and bronchiectasis (COPD) radiologically.
